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Description

[Technical Field]

[0001] The present disclosure relates to a battery module, and more particularly, to a battery module having improved
mechanical properties and electrical properties.

[Background Art]

[0002] Recently, requirements for high-capacity and high-output secondary batteries are increasing, and it is necessary
to develop secondary batteries that require high energy density, high performance, and a high level of reliability corre-
sponding to these requirements.
[0003] In particular, in the cell-to-cell electrical connection method that requires a high level of reliability, various
methods such as ultrasonic welding, laser welding, and mechanical (bolt/nut) bonding have been used. Among them,
the laser welding is being used as the most common bonding method to meet increasing energy density requirements.
[0004] In a laser welding method, a method of overlap welding of a single or a plurality of electrode tabs and a bus
bar is generally used. However, this method has a large deviation in tensile strength after welding, and a high possibility
of welding defects such as weak welding depending on the pressurized conditions. As illustrated in FIG. 1, electrode
tabs of multiple specifications in a unit module need to be bent and cut for welding, which leads to increased process
complexity and manufacturing costs.
[0005] In addition, a resistance of each cell is nonuniform due to a difference in lengths of electrode tabs for each cell
specification within a module, which is highly likely to adversely affect long-term durability. In particular, using existing
laser welding methods is rather difficult to secure stable welding quality (tensile strength, electrical resistance, etc.) in
welding electrode tabs to a bus bar, especially when they are made of different materials. For example, prior to the
present invention, a stable welding could not be obtained between an aluminum tab and a copper bus bar using existing
welding methods.
[0006] KR 2018 0074592 A describes a battery module, comprising: a plurality of battery cells each including an
electrode tabs; and at least one bus bar connected to the electrode tabs of the battery cells to electrically connect the
plurality of battery cells to each other, wherein the bus bar includes a plate in which a plurality of holes are formed, the
electrode tabs of the battery cells are inserted into at least a part of the plurality of holes of the plate, the electrode tab
inserted into the hole and the plate are coupled to each other by a welding bead. The hole in the bus bar is designed to
be of substantially the same size of the tab and the welding line is marked so as to melt only the tab. The tab can be
0.3 mm thick and it can protrude from the hole in bus bar from a minimum of 1 mm to a maximum of 3 mm. 11

[Disclosure]

[Technical Problem]

[0007] An object of the present disclosure is to provide a battery module capable of having a welded part having
excellent tensile strength and contact resistance by appropriately controlling welding of heterogeneous materials between
an electrode tab and a bus bar.
[0008] Objects of the present disclosure are not limited to the above-mentioned objects. That is, other objects that are
not mentioned may be obviously understood by those skilled in the art to which the present disclosure pertains from the
following description. The present invention is defined in the appended claims.

[Technical Solution]

[0009] According to the invention a battery module includes: a plurality of battery cells each including an electrode
tab; and a bus bar connected to the electrode tab to electrically connect the plurality of battery cells to each other, in
which the bus bar includes a plate in which a plurality of holes are formed, the electrode tabs of each of the battery cells
are inserted into at least a part of the plurality of holes of the plate, the electrode tab inserted into the hole and the plate
are coupled to each other by a welding bead, and the welding bead satisfies Equations 1 and 2 below.

[0010] In Equation 1, W is a width of the welding bead based on a cross section of the welding bead in a thickness
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direction of the plate, and T is a thickness of the electrode tab.

[0011] In Equation 2, H is a height of the welding bead based on the cross section of the welding bead in the thickness
direction of the plate, and T is the thickness of the electrode tab.
[0012] W may be 2T to 6T, and H may be 0.5T to 2T.
[0013] In another aspect, the welding bead may satisfy Equation 3 below.

[0014] In Equation 3, A is a cross-sectional area of the welding bead based on a cross section of the welding bead in
a thickness direction of the plate, and T is a thickness of the electrode tab.
[0015] A may be T2 to 12T2.
[0016] The welding bead may further satisfy Equation 4 below.

[0017] In Equation 4, D is a penetration depth of the welding bead into a hole based on the cross section of the welding
bead in the thickness direction of the plate, and T is the thickness of the electrode tab.
[0018] The electrode tab and the plate may be made of different materials from each other.
[0019] The method is particularly effective in securing stable welding between an electrode tab and a bus bar made
of different materials. In an embodiment the method secures a stable welding between an aluminum electrode tab and
a copper bus bar.
[0020] The welding bead may be derived from 70 to 99 wt% of a first base material and a balance of a second base
material by using the electrode tab as the first base material for welding and the plate as the second base material for
welding.
[0021] The electrode tab may be made of aluminum, and the plate may be made of copper.
[0022] The plate or the electrode tab may include a surface plating layer.
[0023] The surface plating layer may include Ni, Sn, Si, Mg, Fe, Mn, Zn, Cr, Li, Ca, or an alloy thereof.
[0024] The thickness of the electrode tab may be 0.2 mm or more.
[0025] The thickness of the electrode tab may be 0.2 mm to 1.0 mm.
[0026] The thickness of the plate may be 0.5 mm or more.
[0027] The welding bead may include: a cover part having a convex shape covering the hole on one of two opposing
surfaces in the thickness direction of the plate; and a pillar part charged into the hole, based on the cross section of the
welding bead in the thickness direction of the plate.
[0028] In the cross section of the welding bead in the thickness direction of the plate, the welding bead may be left-
right asymmetrical with respect to a center line of the hole.
[0029] In the cross section of the welding bead in the thickness direction of the plate, by setting, as a boundary point,
a point where an interface between the welding bead and one of two opposing surfaces in the thickness direction of the
plate and a surface of the one surface meet, the welding bead may have left-right asymmetry of a ratio of L1 : L2, which
is a shortest distance between left and right two boundary points, and the center line of the hole is 1 : 1.2 to 3.
[0030] The plate may include a protrusion region formed around a location where the hole is formed.
[0031] The plate may include a tab connection part protruding outwardly of the plate from an outer periphery of the hole.
[0032] The hole may include an insertion part having an open side so that the electrode tab is slide-inserted.
[0033] The battery cell may be a pouch-type battery cell.

[Advantageous Effects]

[0034] According to the present disclosure of the configuration as described above, it is possible to secure stable
welding quality, and in particular, it is possible to provide a high-quality of welded part having an equivalent level of
contact resistance and superior tensile strength more than twice compared to the conventional method in case of welding
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heterogeneous materials of an electrode tab and a bus bar.
[0035] In addition, it is possible to reduce a resistance in a module by minimizing a length of an electrode tab, and it
is possible to secure and manage stable welding quality by controlling a height, a width, or an area of a welding bead
formed after welding to be in a certain range.
[0036] In addition, it is possible to secure and manage stable welding quality by managing an element composition of
a welded part formed after welding.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0037]

FIG. 1 is a diagram showing a conventional battery module including a "C" shape bus bar.
FIG. 2 is a diagram illustrating a battery module according to an embodiment of the present disclosure.
FIG. 3 is a diagram illustrating a bus bar constituting the battery module according to the embodiment of the present
disclosure.
FIG. 4 is a diagram illustrating a battery module having a welding bead according to an embodiment of the present
disclosure.
FIG. 5 is a diagram illustrating a bus bar according to another embodiment of the present disclosure.
FIG. 6 is a diagram illustrating a bus bar according to another embodiment of the present disclosure.
FIG. 7 is a diagram illustrating a state in which a laser L is irradiated with respect to a longitudinal direction d1 of
an electrode tab according to another embodiment of the present disclosure.
FIG. 8 is a diagram illustrating an imaginary surface for making a cross section of a welding bead in a thickness
direction of a plate according to another embodiment of the present disclosure.
FIG. 9 is a schematic cross-sectional diagram illustrating that the welding bead is formed together with the plate by
heating and melting an end portion of an electrode tab, which penetrates through a hole of the plate according to
the embodiment of the present disclosure, with a laser.
FIG. 10 is a photograph illustrating a shape of the welding bead when an Al electrode tab is welded to a Cu bus bar
with heterogeneous materials by the method of FIG. 7.

[Detailed Description]

[0038] Hereinafter, a battery module of the present disclosure will be described in detail with reference to the accom-
panying drawings. Drawings to be provided below are provided by way of example so that the spirit of the present
disclosure may be sufficiently transferred to those skilled in the art. Therefore, the present disclosure is not limited to
the accompanying drawings provided below, but may be modified in many different forms. In addition, the accompanying
drawings suggested below may be exaggerated in order to clarify the scope of the present disclosure. Technical terms
and scientific terms used in the present specification have the general meaning understood by those skilled in the art
to which the present disclosure pertains unless otherwise defined, and a description for the known function and config-
uration unnecessarily obscuring the scope of the present disclosure will be omitted in the following description and the
accompanying drawings.
[0039] In addition, a singular form used in the specification and the appended claims may be intended to include a
plural form unless otherwise indicated in the context.
[0040] In this specification and the appended claims, terms such as first, second, etc. are used for the purpose of
distinguishing one component from another, not in a limiting sense.
[0041] In this specification and the appended claims, the terms "include" or "have" means that features or elements
described in the specification are present, and unless specifically limited, and do not preclude the possibility that one or
higher other features or components may be added unless specifically limited.
[0042] In the present specification and the appended claims, when a part such as a film (layer), a region, a component,
etc., is above or on another part, this includes not only the case where a part is directly above in contact with another
part, but also a case where another film (layer), another region, or another component is interposed therebetween.
[0043] In conventional overlap welding, in particular, welding of a Cu bus bar and an Al electrode tab made of heter-
ogeneous material of Cu-Al, a welding strength (tensile strength) is generally 3.5 kgf/mm2 or more. This is about 70%
or more of the tensile strength of 5.5kgf/mm2 of pure Al, which satisfies the welding strength generally required for
products and also satisfies the mechanical strength requirements such as vibration and impact resistance of products.
[0044] However, in recent years, the level of mechanical strength required for lithium secondary batteries for automo-
biles has greatly improved, and it is difficult to secure the safety factor and reliability of products corresponding to the
vibration and impact test requirements with the existing welding strength. Therefore, it is urgent to improve the welding
strength and secure reliability. In addition, the related art has a large deviation in tensile strength after welding, and a
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high possibility of welding defects such as weak welding depending on the pressing conditions of electrode tabs. As
illustrated in FIG. 1, electrode tabs of multiple specifications in a unit module need to be bent and cut for welding, which
leads to increase in process and management costs.
[0045] Unlike the related art, the present disclosure may make an electrode tap processing shape of all unit cells
constituting a module the same without bending or cutting electrode tabs of a plurality of adjacent cells (battery cells)
into more than one shape for welding for electrical connection of the electrode tabs. The processed unit cells are stacked
to constitute a laminate including a predetermined number of cells, and then, a plate may be assembled in a direction
in which the electrode tabs are inserted for electrical connection. The plate may have holes (for example in the shape
of slots), arranged at a predetermined regular interval from each other, through which the pre-processed electrode tabs
can be inserted at one end of the holes facing the battery module to a certain depth of the holes, and in some embodiments
pass through the holes come out from the side of the holes. The number of the holes (slots) corresponds to the number
of the electrode tabs. Also, the shape and size of each hole corresponds to the shape and size of the electrode tabs so
that once the tabs are inserted into their respective holes, the clearance between each tab and the surrounding hole is
minimized. In an embodiment, the plate may have a protruding surface or region surrounding each hole that protrudes
in a direction in which the corresponding electrode tab passes along an outer periphery of the hole.
[0046] After assembled in this way, each one of the electrode tabs protrudes through the plate, and then welding is
performed by irradiating a laser beam to the protruding welded part of the electrode tab. In this case, since various
shapes and qualities of electrode tabs may be formed according to the thickness, material, protruding amount, plate
material, plating material, thickness, welding length, welding speed, laser power, and laser irradiation pattern of the
electrode tab, the present inventors were able to set the optimal quality control criteria by identifying the degree of
influence of various factors through the experiment planning method. The present inventors have investigated the cor-
relation between the mechanical/electrical properties according to the shape of the cross section of the welding bead
through repeated research and analysis when welding heterogeneous materials in which the material of the electrode
tab and the material of the plate are different, particularly when welding Cu-Al heterogeneous materials, thereby deriving
the shape of the welding bead to be described below. When welding the heterogeneous materials, particularly welding
the Cu-Al heterogeneous materials, in the case where the welding bead satisfies the shape to be described below, the
welding strength may be improved more than twice without deteriorating the electrical properties on the welded part,
and the electrical resistance of the module may be reduced. Although not necessarily limited to this analysis, mechanical
properties may be improved without substantially deteriorating electrical properties by the composition of the welding
bead that varies depending on the external shape of the welding bead and the shape of the welding bead when welding
the heterogeneous materials, for example, by Cu-Al dilution in the case of the Cu-Al heterogeneous material.
[0047] In general, the dilution represents the degree of contribution of each welding base material (in the case of the
present disclosure, the plate and the electrode tab) that contributes to the overall welding with or without filler addition,
and in an image of a cross section of welding metal, the dilution may be measured as the area where each component
is melted and mixed. It is known that this dilution varies depending on welding heat input, thermal properties, and a
shape and dimension of an initial joint.
[0048] In the present disclosure, by using the electrode tab as a first base material for welding and the plate as a
second base material for welding, the welding bead may be derived from 70 to 99 wt% of the first base material and the
balance (1 to 30 wt%) of the second base material and may advantageously be derived from 75 to 99 wt% of the first
base material and the balance (1 to 25 wt%) of the second base material. That is, the dilution of the first base material
may be 85 to 99% and the dilution of the second base material may be 1 to 150, and advantageously, the dilution of the
first base material may be 89 to 99% and the dilution of the second base material may be 1 to 110. In this case, a surface
plating layer may be formed on the electrode tab serving as the first base material (welding base material) and/or the
plate serving as the second base material. That is, the electrode tab and/or the plate may include the surface plating
layer, and in particular, the electrode tab, in which electrical/chemical stability for an electrolyte is to be ensured, may
include the surface plating layer. As is known, the surface plating layer for ensuring the electrical/chemical stability for
the electrolyte may include Ni, Sn, Si, Mg, Fe, Mn, Zn, Cr, Li, Ca, or an alloy thereof. When the surface plating layer is
present on the electrode tab and/or the plate, the dilution of the surface plating layer itself may also be calculated through
the elemental weight % (wt%) analysis of the welding bead containing the above-described first base material, second
base material, and plating component.
[0049] The composition of the welding metal (welding bead) throughout the welding may be quantified by energy
dispersive spectroscopy (EDS) for various process factors. Table 1 below summarizes the composition content (wt%)
of the welding metal under various welding conditions through preliminary experiments and the calculated dilution when
welding the heterogeneous materials of the Cu plate-Al electrode tab. The method of calculating the dilution is well
known in the art, and therefore, will not be presented separately.
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[0050] As a result of testing the mechanical properties on the welded part at various dilutions as shown in Table 1, it
was confirmed that Cu, i.e., the welding metal having a composition in which the dilution of the plate is greater than 110,
exhibited significant intermetallic compound (IMC) formation and occurrence of cracks, and it was also confirmed that
the composition and dilution of the welding metal may be controlled through the thickness of the aluminum electrode tab.
[0051] Meanwhile, it was found that the size of the welding bead is a very important indicator to determine the overall
composition and dilution. Specifically, the size of the welding bead is directly related to the load-bearing capacity of the
welding metal. Specifically, when welding the heterogeneous materials of the Cu plate-Al electrode tab, it generally
means that, as the size of the welding bead increases, more Al is contained, and it was found that the Cu dilution and
the IMC formation were reduced and thus the occurrence of cracks is reduced, resulting in forming the stronger welded
parts. Based on the research results including these preceding experiments, the present disclosure has a welding
strength of 7.0 kgf/mm2 or more, which is more than twice the existing overlap welding strength of 3.5 kgf/mm2, and the
present disclosure is presented by determining the specific conditions of the welding bead in which stable welding quality
is achieved by minimizing the occurrence of intermetallic compounds (IMC) such as AlxCux or CuxAlx.
[0052] Hereinafter, the present disclosure will be described in detail with reference to the accompanying drawings.
[0053] FIG. 2 is a diagram illustrating a structure in which the battery tabs 120 of each battery cell 110 are electrically
connected by a bus bar 150 in a laminate in which the battery cells 110 are stacked according to an embodiment of the
present disclosure. FIG. 3 is a diagram illustrating a bus bar 150 provided in a battery module according to an embodiment
of the present disclosure.
[0054] As illustrated in FIGS. 2 and 3, the battery module 100 according to the embodiment of the present disclosure
includes a plurality of battery cells 110 and electrode tabs 120 drawn out from the battery cells 110.
[0055] As illustrated in FIG. 3A, the battery module 100 of the present disclosure includes the bus bar 150, and the
bus bar 150 includes a plate 150a including a plurality of holes 150c formed in the plate 150a. In this case, the plate
150 includes three holes 150c, each hole being shaped to accommodate a corresponding electrode tab 120 from the
plurality of electrode tabs 120. Each hole 150c has a slit-shape that is sized to correspond to a cross section of the
electrode tab 120 so that an end portion of an electrode tab 120 can be inserted into the hole 150c.
[0056] In the example illustrated in FIG. 3B, each hole 150c may include an insertion part 151 having one side open
to allow the electrode tab 120 to be slide-inserted into the hole 150c. For example, the insertion part 151 may have a
tapered shape that widens toward the open side so that the electrode tab 120 may be easily slide-inserted into the hole
150c, however, the shape of the insertion part 151 is not limited to this shape only. When both end portions of the hole
150c are blocked as illustrated in FIG. 3A, the electrode tab 120 may be inserted into the hole 150c of the plate 150a
in the protruding direction of the electrode tab 120, and when one end portion of the hole 150c is open as illustrated in
FIG. 3B, the electrode tab 120 may be inserted into the hole 150c of the plate 150a in a standing direction (width direction)
of the electrode tab through the insertion part 151.
[0057] Although there are three holes 150c in each of the bus bars 150 shown in FIGS. 3a and 3b, it is noted that the
present invention disclosure is not limited by the number of holes 150c in each of the bus bars 150. Hence, generally,
one or more holes 150c may be formed in each of the plates 150a, and each of the electrode tabs 120 may be inserted
into a corresponding hole 150c and welded to the bus bar 150. This way the plurality of welded battery cells 110 may
be electrically connected to each other through the bus bar 150.
[0058] FIG. 4 is a diagram illustrating a battery module including a plurality of battery cells 110 and a plurality of
electrode tabs 120 protruding from opposite sides of the battery module. Each of the electrode tabs 120 on a side of the
battery module are shown to be coupled to bus bar 150 via a welding bead 170.In the battery module, according to the
present disclosure, each electrode tab 120 is inserted into a corresponding one of the holes 150c formed in the plate
150a of the bus bar 150, and then the electrode tabs 120 are connected by welding to the bus bar 150. Thus, the
electrode tabs 120 of the electrode cells 110 can be electrically connected without having to separately deform the shape
of the electrode tabs 120 as in the related art.
[0059] In the present disclosure, one or more holes 150c may be formed in the plate 150a to correspond to the number
of battery cells 110 to be connected. Therefore, in order to electrically connect the battery cells 110, the battery cells
110 may be electrically connected without changing the shape of the electrode tabs 120, regardless of the number of
battery cells 110 to be connected.
[0060] That is, in the present disclosure, the plate 150a constituting the bus bar 150 includes a plurality of holes 150c

[Table 1]

Al tab thickness 
(mm)

Cu range 
(wt%)

Average Cu 
content (wt%)

Si + Ni 
(wt%)

Si + Mg + Fe + 
etc (wt%)

Al 
(wt%)

Calculated range of 
Cu dilution (%)

0.4 18∼42 27∼37 /2.5 /3 Rest 6∼18

1.1 3∼15 5∼11 /2.5 /3 Rest 1∼5
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spaced apart from each other at a predetermined regular interval. The shape, size, and positioning of the holes 150c
are such so that the bus bar can be readily positioned on the side of the battery module with the protruding electrode
tabs 120 so that each electrode tab 120 can be inserted tightly inside a corresponding hole 150c. Then by welding of
the electrode tabs 120 inside their respective holes 150c the plurality of battery cells 110 can be electrically connected
to the bus bar 150 and to each other. In this manner, since the electrode tabs 120 are inserted and welded into each
hole 150c, the plurality of battery cells 110 welded through the bus bar 150 are electrically connected to each other. In
the illustrated embodiment of the present disclosure, the holes 150c having an elongated rectangular shape are referred
to as a slit or slot shape. However, the invention is not limited to this shape, but includes shapes and sizes that tightly
surround the electrode tabs 120.
[0061] FIG. 5 is a diagram illustrating a bus bar 150 according to another embodiment of the present disclosure. As
illustrated in FIG. 5, the plate 150a of the bus bar 150 has a plurality of protrusion regions 150b separated by valley
regions 150v. The holes 150c are formed centrally on the protrusion regions 150b. Stated differently, the protrusion
regions 150b are formed around the positions where the holes 150c are formed. The bus bar 150 as shown in FIG. 5
has three protrusion regions 150b and two valley regions 150v. Each protrusion region 150b forms a cavity 150k on the
side facing the battery cells 110 of the battery module. Each hole 150c has a tapered section 150t at a first end thereof
which faces the cavity 150k and the battery cells 110 of the battery module. The tapered section 150t increases the
opening of the hole 150c in the direction toward the battery cells 110. The cavity 150k of the protrusion region 150b and
the tapered section 150t serve to guide the electrode tab 120 to be inserted into the hole 150c. Therefore, in the
embodiment of FIG. 5, the plate 150a of the bus bar 150 includes the plurality of holes 150c formed at a predetermined
regular interval from each other, and includes a corresponding number of protrusion regions 150b formed around the
holes 150c.
[0062] FIG. 6 is a diagram illustrating the bus bar 150 according to another embodiment of the present disclosure. As
illustrated in FIG. 6, the plate 150a according to another embodiment of the present disclosure includes a plurality of
tab connection parts 151a corresponding in number to the holes 150c. Each tab connection part 151a is formed to
protrude from the outer periphery of a corresponding hole 150c in the direction in which the electrode tab 120 protrudes
from the side of the bus bar 150 facing away of the battery cells 110. Then, when the battery cells 110 are electrically
connected to each other by laser welding, the electrode tab 120 melted by the laser L may contact the tab connection
part 151a to be electrically connected to the bus bar 150. In this case, an cavity 151b is formed on the opposite surface
of the tab connection part 151a around the hole 150c to guide the electrode tab 120 to be inserted into the hole 150c.
The cavity 151b has a smoother spherical profile than the cavity 150k of the embodiment of FIG. 5. Also, the tab
connection part 151a is generally smaller than the protrusion region 150b of the embodiment of Figure 5.
[0063] FIG. 7 is a diagram illustrating a state in which a laser L is irradiated in a longitudinal direction "d", i.e., the
direction of extension of the electrode tab 120 according to another embodiment of the present disclosure. As illustrated
in FIG. 7, the laser L is irradiated obliquely with respect to a central axis of the protruding electrode tab 120 inserted into
the hole 150c in a longitudinal direction d. Accordingly, when the electrode tab 120 is irradiated perpendicularly to a
distal surface of the electrode tab 120, the laser L is directly irradiated to the battery cell 110 due to an error during
welding and the possibility that an accident may occur may be minimized. In addition, as the laser L is irradiated obliquely,
the welding process of the distal surface of the electrode tab 120 may be confirmed with the naked eye, thereby improving
the quality and production speed of the manufacturing method for the battery module.
[0064] In the battery module of the present disclosure, after the electrode tab 120 penetrates through the hole 150c
of the plate 150a, welding beads of various shapes may be formed by laser welding. As described above, the present
inventors have found that the shape and size of the welding bead are closely related to the composition of the welding
metal based on the dilution of the base material, and were confirmed that the mechanical properties including the tensile
strength of the welding site may be greatly improved without deteriorating the electrical properties when the welding
bead has a specific shape and size as described in this disclosure.
[0065] Based on this finding, in one aspect of the present disclosure, the electrode tab inserted into the hole and the
plate are coupled to each other by the welding bead, and the welding bead has a width W and a height H that satisfy
Equations 1 and 2 below.

[0066] In Equation 1, W is a width of the welding bead based on a cross section of the welding bead in a thickness
direction of the plate, and T is a thickness of the electrode tab.
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[0067] In Equation 2, H is a height of the welding bead based on the cross section of the welding bead in the thickness
direction of the plate, and T is the thickness of the electrode tab. Hence, T may be measured in millimeters "mm".
[0068] Specifically, the cross section of the welding bead in the thickness direction of the plate means a cross section
cut by an imaginary plane parallel to the thickness direction of the plate (imaginary plane having the thickness direction
as in-plane), but may mean the cross section of the welding cut so that the area of the welding bead is minimized. As
a practical example, as in the example illustrated in FIG. 8, an imaginary plane p making the cut cross section of the
welding bead may be an imaginary plane that is parallel to a thickness direction t1 of the plate and parallel to a thickness
direction t2 of the electrode tab, and the cross section of the welding bead may mean a cross section cut by the above-
described imaginary plane p.
[0069] Equations 1 and 2 described above are particularly important when the electrode tab and the plate are made
of different materials (metal materials). That is, when the width W of the welding bead is 7T or more in the heterogeneous
material welding, the formation of the intermetallic compounds between the heterogeneous materials may be induced.
As a more practical example, in the case where the electrode tab is made of aluminum and the plate (bus bar) is made
of copper, when the width of the welding bead is 7T or more, the melting amount of the Cu plate (bus bar) increases
and the formation of the intermetallic compound on the Cu-Al interface is induced, so the deterioration in the quality of
the welded part, such as microcracks in the welded part and increased resistance, may be induced. In addition, when
the height H of the welding bead is 3T or more, the penetration depth is lowered, which may cause a problem in that
the interfacial bonding strength between the heterogeneous materials is weakened. That is, Equation 1 is a geometrical
parameter that greatly affects the dilution between the welding base metals in the welding bead, and Equation 2 is a
geometrical parameter that greatly affects the shape of the welding bead itself.
[0070] For example, the welding bead includes: a cover part 171 having a convex shape covering the hole on one of
two opposing surfaces in the thickness direction of the plate, based on the cross section of the welding bead in the
thickness direction of the plate; and a pillar part 172 charged into the hole. When the molten metal derived from the
welding base materials is cooled to form the welding bead during the welding, not only the composition of the welding
bead but also the shape of the welding bead itself including the cover part 171 and the pillar part 172 also affects the
mechanical properties of the welded part. Equation 2 is a geometrical parameter that affects the shape of the welding
bead itself, and when the height H of the welding bead is 3T or more, the length of the pillar part 172 of the welding bead
is shortened, which may cause a problem in that the interfacial bonding strength decreases.
[0071] Advantageously, to ensure the stable welding quality, the width W of the welding bead may be 2T to 6T, more
advantageously 3T to 6T, and the height H may be 0.5T to 2T, more advantageously 1T to 2T. When the width and
height of the welding bead are satisfied, the welding bead has improved tensile strength and low contact resistance,
and thus, exhibit excellent welding properties. Furthermore, when the welding bead satisfies the width and height, even
if specific welding conditions such as a heat gradient state caused during welding or specific welding conditions such
as a laser irradiation method during welding are changed, it is possible to ensure stable and reproducible constant
welding quality (improved welding strength, excellent electrical properties of the welding site, etc.).
[0072] The above-described width and height of the welding bead directly affect the cross-sectional area of the welding
bead. Accordingly, in another embodiment, the electrode tab inserted into the hole and the plate are coupled to each
other by the welding bead, and the welding bead may satisfy Equation 3 below.

[0073] In Equation 3, A is a cross-sectional area of the welding bead based on a cross section of the welding bead in
a thickness direction of the plate, and T is a thickness of the electrode tab. In this case, the cross section of the welding
bead in the thickness direction of the plate is the same as described above based on Equations 1 and 2 above.
[0074] A cross-sectional area A of a welding bead 170 may be less than 21T2. If the cross-sectional area is 21T2

(mm2) or more, there may be various types of problems such as the increased occurrence of the intermetallic compound
(IMC), the decreased welding strength, and the occurrence of cracks in the welded part. More preferably, the cross-
sectional area of the welding bead based on the cross section of the welding bead may satisfy T2 to 12T2, and more
advantageously 3T2 to 12T2. When the cross-sectional area of the welding bead is satisfied, the welding bead has the
improved tensile strength and the low contact resistance, and thus, may exhibit the excellent welding properties, and
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may exhibit the constant welding properties without being substantially affected by the specific welding conditions.
[0075] The welding bead may satisfy Equation 1 and Equation 2 and further satisfy Equation 3, and independently,
may satisfy Equation 3 and further satisfy Equation 1, Equation 2 or Equation 1 and Equation 2.
[0076] FIG. 9 is a schematic cross-sectional view illustrating that the welding bead 170 is formed by heating and
melting an end portion of the electrode tab 120 that has penetrated through the hole 150c of the plate 150a of the bus
bar 150 according to the embodiment of the present disclosure.
[0077] As illustrated in FIG. 9, the width W of the bead may be the width of the cover part 171 based on the cross
section of the welding bead. Specifically, the width W of the bead may mean a distance between left and right boundary
points p1 and p2 by setting, the boundary points p1 and p2, a point where an interface between the welding bead 170
and one of the two opposing surfaces in the thickness direction of the plate 150a and a surface of the one surface meet
in the cross section of the welding bead in the thickness direction of the plate. In this case, in the example illustrated in
FIG. 9, when the left and right boundary points p1 and p2 are located at the same height, the width of the bead is
illustrated as in FIG. 9, and when the left and right boundary points p1 and p2 are not located at the same height, the
width of the bead may be defined as the shortest distance between the two boundary points.
[0078] As illustrated in FIG. 9, the height H of the bead may be the maximum height of the cover part 171 based on
the cross section of the welding bead. Specifically, the height H of the bead may be a distance (shortest distance)
between the imaginary line connecting the left and right boundary points p1 and p2 and a highest point of the cover part
171 by setting, the boundary points p1 and p2, the point where the interface between the welding bead 170 and one of
the two opposing surfaces in the thickness direction of the plate 150a and the surface of the one surface meet in the
cross section of the welding bead in the thickness direction of the plate. In this case, since the example illustrated in
FIG. 9 is a case where the left and right boundary points p1 and p2 are located at the same height, the width of the bead
is only illustrated as in FIG. 9, and the height of the bead may be defined as the shortest distance between the imaginary
line connecting the two boundary points and the highest point of the cover part 171.
[0079] In one embodiment, the welding bead may further satisfy Equation 4.

[0080] In Equation 4, D is a penetration depth of the welding bead into the hole based on the cross section of the
welding bead in the thickness direction of the plate, and T is the thickness of the electrode tab. For example, the
penetration depth may be a distance (shortest distance) between the imaginary line connecting the left and right boundary
points p1 and p2 and the lowest point of the welding bead located inside the hole. The penetration depth may correspond
to the length of the pillar part 172. The penetration depth may be a factor related to the mechanical properties and the
dilution of the plate due to the shape of the welding bead itself. When the penetration depth satisfies a penetration depth
of 0.4T to 2T, preferably 0.5T to 1.5T, and more preferably 0.5T to 1.0T, the dilution of the plate is controlled to 5% or
less and the mechanical properties may be improved by the shape of the welding bead.
[0081] In one embodiment, in the cross section of the welding bead in the thickness direction of the plate, the welding
bead 170 may be left-right symmetrical or left-right asymmetrical with respect to a center line CL of the hole. In this case,
as the battery tab is inserted into the hole, the center line of the hole may be the same as the center line of the battery
tab inserted into the hole. Referring to FIG. 9, the left-right symmetry may mean that the ratio of L1 : L2 is 1 : 1 to 1.2
by setting the shortest distance between the left and right two boundary points p1 and p2 and the center line of the hole
as L1 and L2, and setting the longer length as L2 when L1 and L2 are different from each other. Referring to FIG. 9, the
left-right asymmetry may mean that the ratio of L1 : L2 exceeds 1 : 1.2, specifically, the ratio of L1 : L2 is 1 : 1.2 to 3,
specifically 1 : 1.2 to 2.5. The left-right asymmetric structure may be mainly affected by the irradiation direction of the
laser, and as described above based on FIG. 7, such asymmetric structures may appear when the laser is irradiated
obliquely. It is known that the left-right asymmetric structure of the welding bead is not favorable to the mechanical
properties of the welding site. However, according to one embodiment of the present disclosure, when the parameters
of the bead width, the bead breadth, or the cross-sectional area of the bead are satisfied, the mechanical properties
(welding strength) of the welding site are not significantly affected by the asymmetric structure of the welding bead. That
is, even with the left-right symmetrical structure or the left-right asymmetrical structure, welding characteristics having
substantially constant and uniform and improved mechanical properties may be exhibited.
[0082] In an advantageous example, the electrode tab material-plate material may be an Al material-Cu material or a
Cu material-Al material. In this case, the Al material may be aluminum having a purity of 90% or more, and specifically,
aluminum having a purity of 95% or more, 99% or more, or 99.5% or more. For example, the Al material may be industrial
pure aluminum, and commercial products may include A11000 series (UNS #) such as A11050, A11100, or A11200.
The Cu material may be copper with a purity of 98% or more, 99% or more, or 99.3% or more. As an example, the Cu
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material may be industrial pure copper, and commercial products may include C10100 to C13000 series (UNS #), such
as C11000, C10100, C10200, and C12500.
[0083] In the present disclosure, the electrode tab 120 is configured to penetrate through the hole 150c in a direction
perpendicular to the surface of the plate 150a, and the thickness thereof is preferably 0.2 mm or more. More preferably,
the thickness of the electrode tab may be 0.2 to 1.0 mm. When the electrode tab has a thickness of 0.2 mm or more, it
is advantageous because the welding bead having the above-described specific shape may be manufactured by the
laser welding and the welding bead having a plate dilution of 110 or less may be manufactured.
[0084] In addition, in the present disclosure, the plate 150a preferably has a thickness of 0.5 mm or more, and may
have, for example, a thickness of 0.5 mm to 10 mm, 1 mm to 8 mm, or 1 mm to 6 mm, but is not necessarily limited thereto.
[0085] In one embodiment, the battery cell may be a pouch-type battery cell. The pouch-type battery cell may be a
battery cell in which an electrode assembly including a cathode, an anode, and a separator interposed between the
cathode and the anode is sealed in a pouch in the state of being impregnated in an electrolyte (electrolytic solution).
The pouch may have a multi-layer film structure in which a metal film such as an aluminum film is interposed between
an outer film and an inner film, but is not limited thereto. In the battery module according to one embodiment, the electrode
tabs of each of the plurality of pouch-type battery cells stacked in one direction are inserted and welded into each hole
of the plate, so the plurality of pouch-type battery cells may be electrically connected to each other.
[0086] FIG. 10 is a photograph illustrating the shape of the welding bead according to the embodiment of the present
disclosure formed by welding the Al electrode tab to the Cu plate with the heterogeneous materials by the method of
FIG. 7. As shown in FIG. 10, it can be seen that the surface of the plate in contact with the welding bead is inclined
downward in the longitudinal direction toward the outer peripheral portion of the welding bead. In this way, the surface
of the plate bonded to the formed welding bead is configured so that the hole is inclined downwardly from the center
toward the outer peripheral portion of the welding bead, and thus, the shape of the welding bead may be smoothly
formed, thereby preventing the deterioration in the welding strength due to the rough shapes such as notch.
[0087] Hereinabove, although the present disclosure has been described by specific matters such as detailed com-
ponents, embodiments, and the accompanying drawings, they have been provided only for assisting in the entire un-
derstanding of the present disclosure. Therefore, the present disclosure is not limited to the embodiments. Various
modifications and changes may be made by those skilled in the art to which the present disclosure pertains from this
description.
[0088] Therefore, the scope of the present disclosure should not be limited to these embodiments, the invention is
defined by the claims.

Claims

1. A battery module, comprising:

a plurality of battery cells each including an electrode tabs; and
at least one bus bar connected to the electrode tab of the battery cells to electrically connect the plurality of
battery cells to each other,
wherein the bus bar includes a plate in which a plurality of holes are formed,
the electrode tabs of each of the battery cells are inserted into at least a part of the plurality of holes of the plate,
the electrode tab inserted into the hole and the plate are coupled to each other by a welding bead, and

the welding bead satisfies Equations 1 and 2 below, 

wherein in Equation 1, W is a width of the welding bead based on a cross section of the welding bead in a thickness
direction of the plate, and T is a thickness of the electrode tab, 
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wherein in Equation 2, H is a height of the welding bead based on the cross section of the welding bead in the
thickness direction of the plate, and T is the thickness of the electrode tab.

2. The battery module of claim 1, wherein W is 2T to 6T, and H is 0.5T to 2T.

3. The battery module of claim 1, wherein the welding bead satisfies Equation 3 below, 

wherein in Equation 3, A is a cross-sectional area of the welding bead based on a cross section of the welding bead
in a thickness direction of the plate, and T is a thickness of the electrode tab.

4. The battery module of any one of claims 1 to 3, wherein the welding bead further satisfies Equation 4 below, 

wherein in Equation 4, D is a penetration depth of the welding bead into a hole based on the cross section of the
welding bead in the thickness direction of the plate, and T is the thickness of the electrode tab.

5. The battery module of claim 1, wherein the welding bead is derived from 70 to 99 wt% of a first base material and
a balance of a second base material by using the electrode tab as the first base material for welding and the plate
as the second base material for welding.

6. The battery module of claim 5, wherein the electrode tab is made of aluminum, and the plate is made of copper.

7. The battery module of any one of claims 1 to 3, wherein the thickness of the electrode tab is 0.2 mm or more.

8. The battery module of any one of claims 1 to 3, wherein the thickness of the plate is 0.5 mm or more.

9. The battery module of any one of claims 1 to 3, wherein the welding bead includes: a cover part having a convex
shape covering the hole on one of two opposing surfaces in the thickness direction of the plate, and a pillar part
charged into the hole, based on the cross section of the welding bead in the thickness direction of the plate.

10. The battery module of any one of claims 1 to 3, wherein in the cross section of the welding bead in the thickness
direction of the plate, the welding bead is left-right asymmetrical with respect to a center line of the hole.

11. The battery module of claim 10, wherein in the cross section of the welding bead in the thickness direction of the
plate, by setting, as a boundary point, a point where an interface between the welding bead and one of two opposing
surfaces in the thickness direction of the plate and a surface of the one surface meet, the welding bead has left-
right asymmetry of a ratio of L1 : L2, which is 1 : 1.2 to 3,
wherein L1 is a shortest distance between left boundary point and the center line of the hole and L2 is a shortest
distance between the right boundary point and the center line.

12. The battery module of any one of claims 1 to 3, wherein the plate includes a protrusion region formed around a
location where the hole is formed.

13. The battery module of any one of claims 1 to 3, wherein the plate includes a tab connection part protruding outwardly
of the plate from an outer periphery of the hole.

14. The battery module of any one of claims 1 to 3, wherein the hole includes an insertion part having an open side so
that the electrode tab is slide-inserted.
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15. The battery module any one of claims 1 to 3, wherein the battery cell is a pouch-type battery cell.

Patentansprüche

1. Batteriemodul, umfassend:

eine Vielzahl von Batteriezellen, die jeweils Elektrodenstreifen enthalten; und
mindestens eine Stromschiene, die mit dem Elektrodenstreifen der Batteriezellen verbunden ist, um die Vielzahl
der Batteriezellen elektrisch miteinander zu verbinden,
wobei die Stromschiene eine Platte enthält, in der eine Vielzahl von Löchern ausgebildet ist,
die Elektrodenstreifen jeder der Batteriezellen in mindestens einen Teil der Vielzahl von Löchern der Platte
eingesetzt sind,
der in das Loch eingesetzte Elektrodenstreifen und die Platte durch eine Schweißraupe miteinander verbunden
sind und die Schweißraupe die nachstehenden Gleichungen 1 und 2 erfüllt, 

wobei in Gleichung 1 W eine Breite der Schweißraupe auf der Grundlage eines Querschnitts der Schweißraupe
in einer Dickenrichtung der Platte ist und T eine Dicke des Elektrodenstreifens ist, 

wobei in Gleichung 2 H die Höhe der Schweißraupe auf der Grundlage des Querschnitts der Schweißraupe in
Dickenrichtung der Platte ist und T die Dicke des Elektrodenstreifens ist.

2. Batteriemodul nach Anspruch 1, wobei W 2T bis 6T beträgt und H 0,5T bis 2T beträgt.

3. Batteriemodul nach Anspruch 1, wobei die Schweißraupe die nachstehende Gleichung 3 erfüllt, 

wobei in Gleichung 3 A eine Querschnittsfläche der Schweißraupe auf der Grundlage eines Querschnitts der
Schweißraupe in einer Dickenrichtung der Platte ist und T eine Dicke des Elektrodenstreifens ist.

4. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Schweißraupe außerdem die nachstehende Gleichung
4 erfüllt, 

wobei in Gleichung 4 D die Eindringtiefe der Schweißraupe in ein Loch ist, basierend auf dem Querschnitt der
Schweißraupe in Dickenrichtung der Platte, und T die Dicke des Elektrodenstreifens ist.

5. Batteriemodul nach Anspruch 1, wobei die Schweißraupe aus 70 bis 99 Gew.-% eines ersten Basismaterials und
einem Rest eines zweiten Basismaterials hergeleitet ist, indem der Elektrodenstreifen als das erste Basismaterial
zum Schweißen und die Platte als das zweite Basismaterial zum Schweißen verwendet wird.
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6. Batteriemodul nach Anspruch 5, wobei der Elektrodenstreifen aus Aluminium und die Platte aus Kupfer hergestellt ist.

7. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Dicke des Elektrodenstreifens 0,2 mm oder mehr beträgt.

8. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Dicke der Platte 0,5 mm oder mehr beträgt.

9. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Schweißraupe enthält: einen Abdeckteil mit einer
konvexen Form, der das Loch auf einer von zwei gegenüberliegenden Oberflächen in der Dickenrichtung der Platte
abdeckt, und einen Säulenteil, der in das Loch geladen wird, basierend auf dem Querschnitt der Schweißraupe in
der Dickenrichtung der Platte.

10. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei im Querschnitt der Schweißraupe in Dickenrichtung der
Platte die Schweißraupe in Bezug auf eine Mittellinie des Lochs links-rechts asymmetrisch ist.

11. Batteriemodul nach Anspruch 10, wobei im Querschnitt der Schweißraupe in Dickenrichtung der Platte durch Fest-
legen eines Punktes als Grenzpunkt, an dem eine Grenzfläche zwischen der Schweißraupe und einer von zwei
gegenüberliegenden Oberflächen in Dickenrichtung der Platte und eine Oberfläche der einen Oberfläche zusam-
mentreffen, die Schweißraupe eine Links-Rechts-Asymmetrie mit einem Verhältnis von L1 : L2 aufweist, das 1 : 1,2
bis 3 beträgt,
wobei L1 der kürzeste Abstand zwischen dem linken Begrenzungspunkt und der Mittellinie des Lochs und L2 der
kürzeste Abstand zwischen dem rechten Begrenzungspunkt und der Mittellinie ist.

12. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Platte einen vorspringenden Bereich aufweist, der um
eine Stelle herum ausgebildet ist, an der das Loch ausgebildet ist.

13. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei die Platte ein Streifenverbindungsteil enthält, das von einem
Außenumfang des Lochs nach außen von der Platte vorsteht.

14. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei das Loch einen Einschubteil mit einer offenen Seite aufweist,
so dass der Elektrodensteifen gleitend eingeschoben werden kann.

15. Batteriemodul nach einem der Ansprüche 1 bis 3, wobei es sich bei der Batteriezelle um eine Batteriezelle vom
Beuteltyp handelt.

Revendications

1. Module de batterie comprenant :

une pluralité d’éléments de batterie comprenant chacun une patte d’électrode ; et
au moins une barre omnibus reliée à la patte d’électrode des éléments de batterie pour connecter électriquement
la pluralité d’éléments de batterie les uns aux autres,
dans lequel la barre omnibus comprend une plaque dans laquelle une pluralité de trous sont formés,
les pattes d’électrodes de chacun des éléments de batterie sont insérées dans au moins une partie de la pluralité
de trous de la plaque,
la patte d’électrode insérée dans le trou et la plaque sont couplées l’une à l’autre par un cordon de soudure, et
le cordon de soudure satisfait aux équations 1 et 2 ci-dessous, [équation 1]. 

dans lequel, dans l’équation 1, W est une largeur du cordon de soudure basée sur une section transversale du
cordon de soudure dans une direction d’épaisseur de la plaque, et T est une épaisseur de la patte d’électrode, 
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dans lequel, dans l’équation 2, H est une hauteur du cordon de soudure basée sur la section transversale du
cordon de soudure dans la direction d’épaisseur de la plaque, et T est l’épaisseur de la patte d’électrode.

2. Module de batterie selon la revendication 1, dans lequel W est de 2T à 6T, et H est de 0,5T à 2T.

3. Module de batterie selon la revendication 1, dans lequel le cordon de soudure satisfait l’équation 3 ci-dessous, 

dans lequel, dans l’équation 3, A est une surface de section transversale du cordon de soudure basée sur une
section transversale du cordon de soudure dans une direction d’épaisseur de la plaque, et T est une épaisseur de
la patte d’électrode.

4. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel le cordon de soudure satisfait en
outre l’équation 4 ci-dessous, 

dans lequel, dans l’équation 4, D est une profondeur de pénétration du cordon de soudure dans un trou basée sur
la section transversale du cordon de soudure dans la direction d’épaisseur de la plaque, et T est l’épaisseur de la
patte d’électrode.

5. Module de batterie selon la revendication 1, dans lequel le cordon de soudure est dérivé de 70 à 99 % en poids
d’un premier matériau de base et d’un contrepoids d’un second matériau de base en utilisant la patte d’électrode
comme le premier matériau de base pour la soudure et la plaque comme le second matériau de base pour la soudure.

6. Module de batterie selon la revendication 5, dans lequel la patte d’électrode est en aluminium et la plaque est en
cuivre.

7. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel l’épaisseur de la languette d’élec-
trode est de 0,2 mm ou plus.

8. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel l’épaisseur de la plaque est de
0,5 mm ou plus.

9. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel le cordon de soudure comprend :
une partie de couverture ayant une forme convexe couvrant le trou sur l’une de deux surfaces opposées dans la
direction d’épaisseur de la plaque, et une partie de pilier chargée dans le trou, sur la base de la section transversale
du cordon de soudure dans la direction d’épaisseur de la plaque.

10. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel, dans la section transversale du
cordon de soudure dans la direction d’épaisseur de la plaque, le cordon de soudure est asymétrique gauche-droite
par rapport à une ligne centrale du trou.

11. Module de batterie selon la revendication 10, dans lequel, dans la section transversale du cordon de soudure dans
la direction d’épaisseur de la plaque, en fixant comme point limite un point où une interface entre le cordon de
soudure et l’une de deux surfaces opposées dans la direction d’épaisseur de la plaque et une surface de l’une
surface se rencontrent, le cordon de soudure présente une asymétrie gauche-droite d’un rapport L1 : L2, qui est
1 : 1,2 à 3, dans lequel L1 est la distance la plus courte entre le point limite gauche et la ligne centrale du trou et
L2 est la distance la plus courte entre le point limite droit et la ligne centrale.

12. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel la plaque comprend une région
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de protubérance formée autour d’un emplacement où le trou est formé.

13. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel la plaque comprend une partie de
connexion de la languette faisant saillie vers l’extérieur de la plaque à partir d’une périphérie extérieure du trou.

14. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel le trou comprend une partie
d’insertion ayant un côté ouvert de sorte que la patte d’électrode est insérée par glissement.

15. Module de batterie selon l’une quelconque des revendications 1 à 3, dans lequel l’élément de batterie est un élément
de batterie de type poche.
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